Turkish Journal of Electrical Engineering and Computer Sciences
Volume 30

Number 6

Article 17

1-1-2022

A novel broadband double-ring holed element metasurface
absorber to suppress EMI from PCB heatsinks
BÜLENT URUL
HABİB DOĞAN
İBRAHİM BAHADIR BAŞYİĞİT
ABDULLAH GENÇ

Follow this and additional works at: https://journals.tubitak.gov.tr/elektrik
Part of the Computer Engineering Commons, Computer Sciences Commons, and the Electrical and
Computer Engineering Commons

Recommended Citation
URUL, BÜLENT; DOĞAN, HABİB; BAŞYİĞİT, İBRAHİM BAHADIR; and GENÇ, ABDULLAH (2022) "A novel
broadband double-ring holed element metasurface absorber to suppress EMI from PCB heatsinks,"
Turkish Journal of Electrical Engineering and Computer Sciences: Vol. 30: No. 6, Article 17.
https://doi.org/10.55730/1300-0632.3937
Available at: https://journals.tubitak.gov.tr/elektrik/vol30/iss6/17

This Article is brought to you for free and open access by TÜBİTAK Academic Journals. It has been accepted for
inclusion in Turkish Journal of Electrical Engineering and Computer Sciences by an authorized editor of TÜBİTAK
Academic Journals. For more information, please contact academic.publications@tubitak.gov.tr.

Turkish Journal of Electrical Engineering & Computer Sciences
http://journals.tubitak.gov.tr/elektrik/

Research Article

Turk J Elec Eng & Comp Sci
(2022) 30: 2254 – 2267
© TÜBİTAK
doi:10.55730/1300-0632.3937

A novel broadband double-ring holed element metasurface absorber to suppress
EMI from PCB heatsinks
Bülent URUL1,∗, Habib DOĞAN2 , I. Bahadır BAŞYİĞİT3 , Abdullah GENÇ4 
1
Department of Electronics and Automation, Vocational School of Technical Science,
Isparta University of Applied Science, West Campus, Isparta, Turkey
2
Department of Information Systems and Technology, Gölhisar School of Applied Sciences,
Burdur Mehmet Akif Ersoy University, Burdur, Turkey
3
Department of Computer Technologies, Distance Education Vocational School,
Isparta University of Applied Science, Isparta, Turkey
4
Department of Mechatronics Engineering, Faculty of Technology, Isparta
University of Applied Science, Isparta, Turkey
Received: 20.04.2022

•

Accepted/Published Online: 29.07.2022

•

Final Version: 28.09.2022

Abstract: In this study, a new Broadband Double Ring Hole Element (BDHE) meta-surface absorber is studied to
suppress EMI from PCB heatsink for 1-12 GHz covering L, S, C, and X bands. The proposed metamaterial-structure
consists of resistances and 8 ring resonators, four of which are inner and four are outer that are configured to provide
an absorbing effect. For broadband, numerical simulations show that an average of 65 % absorption value is obtained
between 4-12 GHz. It is determined that this value reached 69.84 % by increasing the used resistance values (R = 150Ω).
This value may be significant to reduce the EMI values to which PCB circuit elements are exposed. Also, when the
incidence angle effect is examined, the absorption values of 90 % at 10.1 GHz and 98 % at 11 GHz for θ =15° can also be
recommended for narrowband applications. On the other hand, for R = 50 Ω, this value is 82 % and 89 % , respectively, in
the 3-4 GHz and 9.9-11.5 GHz ranges. It can also be stated that the average E-field from the heatsink can be decreased
with the location of the proposed metamaterial relative to the base and increased metamaterial dimensions. Finally, in
the near-field region, the distance between metamaterial and the heatsink has no appreciable effect on the E-field.
Key words: Absorption rate, EMI, metasurface, PCB heatsinks

1. Introduction
With rapid developments in electronic circuit technology, the number of elements and equipment used in the
circuit has increased considerably. Therefore, the radiated emission of elements as heatsinks in PCB circuits
increases. This unwanted electromagnetic interference (EMI) in the environment is a problem that needs to be
solved by EMC researchers as it negatively affects the operation of circuit elements and devices. To overcome
this problem, various methods such as using absorbing material [1], grounding [2], and shielding [3] are utilized.
Metamaterial is a popular field that has been studied extensively in the literature for the last few decades.
They are structures created adjusting to the structural parameters of properties not found in nature [4]. The
most basic feature of these structures is that complex permittivity ( ε ) and permeability ( µ ), which directly
affect the propagation and penetration of electromagnetic (EM) waves, depending on not only the geometry
∗ Correspondence:
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and configuration of the design parameters but also the chemical structure of the material [5]. Thus, negative
permittivity and/or negative permeability values of the material are obtained by adjusting these parameters.
These negative values ( ε < 0, µ < 0) cause the EM wave in the designed structure to behave differently (e.g.
negative refractive) than ε >0, µ > 0 region. While in structures with double negative (DNG) metamaterials,
both parameters can be obtained as negative, in some designs with Epsilon-Negative (ENG) or Mu-Negative
(MNG) metamaterials, only one can be obtained as a negative. It is noted that, unlike metamaterials, materials
normally found in nature are categorized in ε > 0, µ > 0 region and are called Double-Positive (DPS) materials.
Thanks to metamaterials, various military and civilian applications as stealthy and cloaking [6, 7], perfect lens
[8], absorbing [9, 10], antennas [11, 12], shielding [13] applications are developed.
Metamaterials have several advantages as well as limitations. In 2-18 GHz band where radar applications
are concentrated, there are more limited studies in the literature compared to other frequency regions. In
addition, studies that achieve high absorptivity in low-frequency regions generally have a rather narrow band
[14–18]. Multilayer structures to the high dielectric loss [15, 16] and lumped element designs [17, 18] are widely
used to design broadband absorbers. However, multilayer structures and metamaterials containing thousands
of lumped elements may not be preferred due to their complexity in the fabrication process [19]. Hereby,
broadband absorber designs are needed in the low-frequency region with as few layers as possible, low profile,
and structures that do not contain too many lumped elements [20].
The designed metamaterials can be modeled by the equivalent circuit. The metallic structure in the
design and the distances between these structures create resistive (R), inductive (L), and capacitive (C) effects,
respectively. Therefore, the design geometry and configuration change R, L, and C values. The underlying
physics of metamaterial absorbers are impedance matching and multiple reflection and interference theories
[5]. According to impedance matching theory, it is aimed thousand to minimize the reflection by equalizing
the impedance value obtained with the metasurface design and the self-impedance value of the air. Thus, the
incoming wave is absorbed in the designed structure. In the multiple reflection and interference mechanism,
the incoming wave moves forward in the designed structure, hits the metallic ground on the backside, and is
reflected in the dielectric material again and again and absorbed. In this way, the incoming wave with multiple
reflections is absorbed in the dielectric substrate. The absorption is expressed as in Eq. (1) and Eq. (2).
A(ω) = 1 − Γ(ω)co − Γ(ω)cross − T (ω)co − T (ω)cross

(1)

A(ω) = 1 − |S11 (ω)co |2 − |S11 (ω)cross |2 − |S21 (ω)co |2 − |S21 (ω)cross |2

(2)

here, while Γ and T denote the reflection and transmission coeﬀicients, respectively, S11 and S21
parameters show how much of the incoming EM wave is reflected and transmitted, respectively. Crosspolarization is defined as the polarization perpendicular to the desired polarization. The cross-polarization
concept should be taken into consideration to ensure to design properly functioning absorber. The crosspolarization level defined as Eq. (3) and Eq. (4) can be neglected for symmetrical designs like in this study
since the cross-polarization component is close to zero.
A(ω) = 1 − Γ(ω) − T (ω) = 1 − |S11 (ω)|2 − |S21 (ω)|2

(3)

In the structures used as absorbers, the backside of the metamaterial is completely covered with metal
hence S 21 = 0. In this case, absorption is formulated in both Eq. (3) and Eq. (4). However, it should be
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noted that Eq. (3) and Eq. (4) are used to calculate the absorption in metamaterials with and without holes,
respectively. Holes are applied to both substrate and ground in order to increase thermal performance. In the
case without holes, S 21 = 0 so Eq. (3) is reduced to Eq. (4).
A(ω) = 1 − Γ(ω) = 1 − |S11 (ω)|2

(4)

In this paper, a new Broadband Double Ring Hole Element (BDHE) meta-surface absorber is studied to suppress
EMI from PCB heatsink for 1-12 GHz covering L, S, C, and X bands. The proposed meta-structure consists
of resistances and ring resonators, four of which are inner and four are outer that is configured to provide an
absorbing effect. After the metasurface design is made, the proposed design is placed around the PCB heatsink
and the effect of the metasurface structure on the average electric field emitted from the heatsink is investigated
for the different configurations below.
• The effect of array numbers of metasurfaces (5×1, 5×2, and 5×3) on EMI performance
• The effect of distance ( λ /2, λ, and 3 λ/2) between the heatsink and metasurface on EMI performance
• The effect of metasurface placement on EMI performance
There are two motivations for choosing the frequency range as 1-12 GHz. The first is to focus on the
design of a broadband absorber in the low-frequency region. The other is to apply the designed absorbers to
PCB heatsinks that behave as semiantennas for this frequency region in our previous studies [21–27], in order
to suppress EMI from PCB heatsinks. Since the resonance frequencies of these heatsinks are between 2.8-7.8
GHz, it is aimed to absorb EM waves in this frequency region. Design of Broadband Double-ring Holed Element
(BDHE) and numerical simulation are given in Section 2 and the suppression of EMI from PCB heatsinks with
BDHE is proposed. In Section 3, the situations that arise with these results are discussed.
2. Material and methods
2.1. Design of double-ring holed element and numerical simulation
In this study, a novel unit cell metamaterial absorber design, which is called a Broadband Double-ring holed
element (BDHE) is given in Figure 1. The array of BDHE is used to eliminate the radiation emitted from
PCB heatsinks and the reason why BDHE is designed with holes is to prevent the reduction of the thermal
performance of the heatsinks. The thermal conductivity of FR4 material for through-plane is 0.29 Wm −1 K −1
which is very high compared to air (0.026 Wm −1 K −1 ). The front and back layers of the structure are given
in Figure 1a and Figure 1b and a metallic ground plane is placed in the back layer to increase absorption by
minimizing S21 in Eq. (2). The geometry of the inner and outer ring in the design is preferred due to its high
absorbability performance. The holes with a radius of r1 are identical, located exactly in the middle of the outer
rings, and the hole with a radius of r2 ( r2 > r1 ) is located in the center of the structure. It is noted that BDHE
geometry should be designed symmetrically with respect to the x-z and y-z planes to make the cross-polarization
level approximately equal to zero. Inner and outer two rings are used instead of a single ring in order to have
ENG and MNG metamaterials for the absorptivity. The distance between inner and outer rings is d1 and eight
gaps of g are used to symmetrically place the resistors. Adding resistors to designs increases the absorption
performance by converting some of the incident EM waves onto the metasurface into heat. In addition, thanks
to the lumped elements, it provides a broadband absorber rather than a narrowband absorber. Therefore, as
seen in Figure 1c, 8 resistors of 100 Ω are added to the gaps between four identical rings of BDHE. However,
the usage of thousands of resistors and the large total resistor size will increase manufacturing complexity and
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cost, so it is important to choose these values reasonably and the simulation set-up with boundary conditions
is given in Figure 1d. In the boundary conditions, E t =0 and H t =0 on x and y planes, respectively, and it
is chosen as ”open add space” on z planes. Optimum dimensions of BDHE for the best absorbability rate are
obtained using the parametric sweep. Copper material with a conductivity value of 5.37×107 S/m is used as
metal in the front and back of the structure. The substrate is an FR4 plate with a relative permeability of 4.3
and a loss tangent of 0.025 due to being easily available in the market. It is well-known that multiple reflection
and interference occurs in the substrate material.

Figure 1. The structure of BDHE, (a) front, (b) back, (c) perspective views, and (d) simulation setup.

Design parameters of the BDHE are given in Table 1. The equivalent circuit model of BDHE is depicted
in Figure 2a. Before discussing how to derive the equivalent circuit model, the model consists of four parts as
A, B, C, and D. Part A represents the free space impedance with 120 π Ω over the front surface of the BDHE
structure. Part B represents the front surface as explained below. A material with a certain length and magnetic
permeability indicates the inductive effect L, while materials with a certain length and resistivity represent the
resistive effect R. The gaps between the inner and outer rings ( d1 ) and the gaps (g) form the capacitive effect
C. On the other hand, there are four inner rings and one outer ring as seen in Figure 1c. Accordingly, four
identical inner rings separated from each other symbolize four parallel R2 L2 C2 circuits. Identical outer rings
connected by resistors represent one serial R1 L1 C1 circuit and R1 contains eight 100 Ω resistors. It is noted
that, according to the resonant frequency of in a series RLC circuit, low capacitance and inductance values
cause high resonance frequency. Also, part C in Figure 2a represents the substrate layer with a thickness of ts .
Part D is represented as a short circuit in the equivalent circuit as the backside of the metamaterial is covered
with a highly conductive. The total absorption can be formulated according to Eq. (5) and Eq. (6). The
absorption can be formulated according to Eq. (5) and Eq. (6) depending on the Z1 impedance. While Zm is
related to part B, Z1 is related to part C and part D. Here, k is the wave number and µr and εr are relative
permeability and permittivity of FR4.
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Table 1. Design Parameters of the BDHE.
Parameters
L1
r1
r2
r3
d1
d2
g
tg
ts
tp

Description
Width and length of the unit cell
The radius of the inner ring
Distance between the hole and inner circle
Radius of hole
Distance between inner and outer rings
Width of inner ring
Gaps where the resistor is placed
Thickness of ground
Thickness of substrate
Thickness of patch

Size (mm)
16
1.5
√
3.5 2
0.75
0.25
1
0.4
0.035
3.1
0.035

Figure 2. (a) The equivalent circuit model of the BDHE (b) simulation in HFSS program.

A(ω) = 1 − R(ω)
Zin (ω) − Z0
Zin (ω) + Z0

R(ω) =
r
Zd (ω) = j

µ0 µr
ε0 εr

1
1
=
Zm
R1 + jωL1 +

1
jωC1

(5)
2

f or k = √

+

(6)

k0
µr εr

4
R2 + jωL2 +

1
1
1
=
+
Zin (ω)
Zm (ω) Z1 (ω)

1
jωC2

(7)

(8)

(9)

The fabrication could not be realized due to reasons such as too much resistance in the designed
metasurface structure and being dependent on the complexity of the structure. Instead of the validation
with measurement results, CST simulation results are validated with the HFSS software program using another
numerical technique. In other words, electromagnetic problems are solved by FIT (finite integration technique)
technique in frequency solver in CST, while FEM (Finite Element Method) technique is used in HFSS. For
HFSS simulation setup as depicted in Figure 2b, the boundary conditions around the proposed structure are
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chosen as 2 masters and 2 slaves. According to Figure 3a, the results of CST and HFSS have an agreement
with each other.
Since there are holes in the BDHE structure, the absorption versus the frequency can be calculated
with Eq. (3), in which not only S11 but also S21 are taken into account. Therefore, the absorption rate and
S-parameters are given in Figure 3a. Since the backside of the structure is covered with metallic ground, S21
magnitude is very low but not zero due to the fact that the structure is holed. It is important to focus as much
as possible on increasing the absorption rate with lower S11 levels. Therefore, it is determined that S21 values
are increased especially over 10 GHz. For 10 GHz, the electrical length of the hole ( r1 = 1.5 mm) is λ /20.
Since the electrical lengths of the holes are comparable according to the wavelength over 10 GHz, S21 level
increases as the frequency increases. The absorption rate is low at low frequencies under 3.5 GHz. While S21
values vary between -50 dB and -30 dB, S11 values vary between 0-10 dB. The absorption rate increases to 85 %
at 2 GHz to 4 GHz. Average absorption rate is obtained as 65 % at 4-12 GHz frequency range. It is concluded
that this ratio is suﬀicient to reduce the EMI values to which the PCB circuit is exposed. Finally, it is noted
that the inner and outer rings cause the highest and lowest resonances, respectively.
The absorption rates of various configurations of BDHE are given in Figure 3b. It is determined that the
unit cell without inner ring and R (blue line) has approximately 40 % and 50 % of absorber rates at 5.7 GHz
and 9.2 GHz of resonance frequencies, respectively. The absorption rate of the unit cell without R (green line)
is 74 % at 8.30GHz. Since nonresistive unit cell structures have narrowband characteristics, they are suitable
for narrowband applications and these two-unit cells also have lower absorption compared to others. In other
words, adding lumped elements to the structure provides broadband and higher absorbability. When comparing
the unit cell without an inner ring (red line) with the one (the proposed unit cell), it is determined that using an
outer ring increases the absorption rate by approximately 10 % − 20 % and 40 % in the 4-9 GHz and 9-11 GHz
ranges, respectively. When the unit cell without a hole (magenta line) is compared to the proposed one, there
is no appreciable difference in the effect of the hole on the absorption rate at the 1-10 GHz range. However, the
perforated unit cell (black line) is preferred in this study in order not to adversely affect the thermal performance
of the metasurface used for the heatsink.

Figure 3. (a) S-parameters of the proposed BDHE and (b) absorption rate for various configurations.
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Absorption rates with regard to the various incident angle θ, and resistance values are depicted in Figure
4a. It is observed that the rotation angle of the structure does not significantly affect the absorption rate up to
about 9.2 GHz. For only θ =0°, the absorption rate of the proposed BDHE decreased above 10 GHz. While the
higher angle (45°) is recommended for a better absorption rate at 0-4.3 GHz, the lower angle (0°) is suitable at
4.3-9.2 GHz. The absorption rate for θ =15° is 90 % and 98 % at 10.1 GHz and 11 GHz, respectively, which can
be recommended for narrowband applications.
The absorption rates for various resistance values (50 Ω, 75 Ω , 100 Ω , 125 Ω , and 150 Ω) are given in
Figure 4b. While the proposed structure in 3-4 GHz and 9.9-11.5 GHz (first frequency region-FFR) can be used
for narrowband applications, it can be preferred for broadband applications in 4-9.9 GHz (second frequency
region-SFR). The absorption increased with decreasing the resistivity value. For the first region, the absorption
increases with decreasing the resistivity value. For 4-9.9 GHz, it is vice versa. This situation is clearly expressed
in Table 2. For all resistance values, around 70% − 98% absorption rate is observed in the 9.9-11.5 GHz
frequency range. The absorption rate for FFR and R = 50 Ω are 82 %@3-4GHz and 89 % @9.9-11.5 GHz that
can be considered quite suﬀicient. On the other hand, if R = 125 Ω and R = 150 Ω values are preferred for
SFR, the absorption rate is 70 % − 71 %@4-9.9 GHz. Based on a wider region than FFR and SFR, such as
3-11 GHz, the average absorption rate for 50 Ω , 75 Ω, 100 Ω , 125 Ω , and 150 Ω are obtained as 63.03 % , 67.38 % ,
69.12 %, 69.77 %, and 69.84 %, respectively. Therefore, higher resistors show a higher absorption rate than 50 Ω
and 75 Ω . For high resistors (100 Ω , 125 Ω, and 150 Ω) with close average absorption rate, considering the three
frequency regions in Table 2, it may be optimal to choose R = 100 Ω.

Figure 4. Absorption rates with regard to various (a) incident angle ( θ ), and (b) resistance values (R).

Table 2. Absorption rates of BDHE according to the various resistance.
Frequency
range
3-4 GHz
4-9.9 GHz
9.9-11.5 GHz

2260

Absorbtion rate
(R = 50 Ω) (R = 75 Ω)
82%
75%
55%
62%
89%
86%

(R = 100 Ω)
68%
67%
81%

(R = 125 Ω)
62%
70%
77%

(R = 150 Ω)
57%
71%
73%
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2.2. The suppression of EMI from PCB heatsinks with BDHE
Numerical simulation is performed by using the proposed BDHE metamaterial absorber together with the
heatsink in accordance with the design criteria. In Figure 5a, the dimensions for a typical plate-type PCB
heatsink are 37×37×35 mm 3 and the fin and base heights of the heatsink are 20 mm and 15 mm, respectively.
In Figure 5b, the heatsink is the transmitter ( Tx ), while a total of 36 E-probes are used as a receiver ( Rx ),
3×3 E-probes are placed on each side of the structure. The distances of the structure to the heatsink and the
receiving E-probes are 23.05 mm and 11.55 mm, respectively.
The distribution of E-field and current density of the BDHE at 3 GHz, 6.5 GHz, and 10 GHz, respectively
are given in Figure 6a and Figure 6b. Accordingly, as the frequency increases, the electric field distribution
intensifies from the outer ring to the inner ring. While at low frequencies as 3.5 GHz, the E-field is greater in the
outer rings of the structure, while the E-field is less in the inner ring. It is concluded that at high frequencies
as 10 GHz, the absorption originates from the inner ring. Also, when the surface current distributions are
examined, the same result is valid as well.

Figure 5. (a) The used plate-type PCB heatsink (b) the placement of 3x3 E-probe probe

Figure 6. a) The distribution of E-field, and b) current density of the BDHE @ 3 GHz, 6.5 GHz, and 10 GHz

Reflection coeﬀicient values of the heatsink and radiation patterns with and without metasurface are
given in Figure 7a and Figure 7b, respectively. Accordingly, except for the two resonance frequencies, the
reflection coeﬀicient of the heatsink is quite close for the two cases. The metasurface belt slightly decreases the
resonance frequency, especially at 7.2 GHz. Since radiation reactance and resistance of the antenna could be
changed in the case of the metasurface. The heatsink with a metasurface acts as an antenna at about 2GHz and
the magnitude of radiated E-Field increases. Also, the characteristic of radiation patterns with and without
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metasurface exhibits similar behavior. It is a significant consequence that the main lobe level of the radiation
patterns with metasurface is significantly reduced compared to one without metasurface.

Figure 7. (a) Reflection coeﬀicient values of the heatsink and (b) radiation patterns with and without metasurface.

The different configurations of array numbers of metasurfaces (5×1, 5×2, and 5×3) with heatsink are
given in Figure 8a, Figure 8b, Figure 8c and the dimension of 5×1 metasurface is 80×16 mm 2 . Average E-field
values in accordance with these configurations are also given in Figure 8d at 1-12 GHz. Accordingly, these
values drop dramatically in the range of about 2-3 GHz, while there are minor variations beyond 3 GHz. For
the certain frequency of 6 GHz, 5×2, 5×1, and without metasurface structures have 4.95 dBV/m, 3.48 dBV/m,
and 4.27 dBV/m more than 5×3 structure, respectively. The average E-field values in the 2-12 GHz band
for without metasurface, 5x1, 5x2, and 5x3 structures are 39.18 dBV/m, 35.05 dBV/m, 31.44 dBV/m, and
26.29 dBV/m, respectively. As a result, it is determined that using metasurface to the heatsink and increasing
the array numbers of metasurface increase the absorption performance. In addition, it was observed that the
meta-size effect is more pronounced after 3 GHz when the absorption started. The effect of the array size of
metasurfaces is more obvious beyond 3 GHz where more absorption occurs.
Different configurations of 5×1 metasurface with heatsink and average E-field values of them are given in
Figure 9a, Figure 9b, Figure 9c. The metasurface is placed at the bottom, middle (L 1 =16 mm), and top (L 1 =32
mm) of the heatsink. Average E-field values of these configurations are given in Figure 9d. Accordingly, while
under 3 GHz, especially in the 1-3.5 GHz range, the location of metasurface has no significant effect, the effect
of the metamaterial location on the E-field is more obvious at the 3.5-12 GHz range. E-field values increase
as the metasurface position moves from bottom to top because the heatsink, which acts as a semiantenna,
radiates the most in the space between the feed point and the ground, that is, at the base [21–27]. When the
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metasurface is placed at the base, the absorption rate is higher than others. At 6 GHz, the average E-field
values for the bottom, the middle, and the top, and without metasurface are 33.01 dBV/m, 34.56 dBV/m,
36.11 dBV/m, and 37.23 dBV/m, respectively. In some military applications and system rooms, the elements
and devices around the mainboard with heatsink positioned horizontally are positioned vertically or in different
orientations. Therefore, in this scenario, it is suitable for us in terms of minimum EMI to keep these elements
away from the heatsink edge and place them as close to the bottom as possible.

Figure 8. Different configurations of array numbers of metasurfaces with heatsink (a)5×1, (b)5×2, (c)5×3, and (d)
average E-field values of them.

Figure 9. Different configurations of 5×1 metasurface with heatsink (a) at the bottom, (b) middle, (c) top, and (d)
average E-field values of them.
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Different configurations for the placements of 5×1 metasurface with heatsink and average E-field values
of them average E-field values in terms of the distance (with λ /2, λ , and 3 λ /2) between the heatsink and the
probe are shown in Figure 10a at 1-12 GHz frequency range. In this scenario, it is aimed to monitor the mean
E-field values corresponding to the change in the distance of the meta-structure from the heatsink in the near
field region.

Figure 10. (a) Different configurations for the distance (with λ /2, λ , and 3 λ /2) between heatsink and E-probe and
(b) average E-field values for various distances.

Average values over the entire frequency range are 21.90 dBV/m for λ /2, 22.80 dBV/m for λ , and 22.15
dBV/m for 3 λ /2. Firstly, thanks to both these values and Figure 10b, it can be expressed that these different
distances within the close field do not have a significant effect on the E-field. Secondly, it is determined that
the E-field characteristic according to frequency is similar within varying distances, and the frequency regions
where it resonates and peak values are almost the same. Even, in general, it can be stated that the E-field
characteristics do not change much as in Figure 8d and Figure 9d. These obtained results present two different
scenarios in terms of determining the position of a circuit element to the PCB heatsink. Firstly, in PCBs or
other electronic boards containing heatsinks, if there is suﬀicient volume, placing the meta-structure farther
from the heatsink can be thermally effective, as it does not affect the radiation much. However, the limitation,
in this case, is that over large distances, the increase in the number of lumped elements used together with the
number of unit cells causes manufacturing complexity and cost. As a result, for 1-12 GHz and the designed
BDHE structure, it may be recommended to choose short and long distances, respectively, when miniaturization
and thermal performance are sensitive. Literature comparison of the absorbing methods of heatsinks on EMC
performance is given in Table 3. Accordingly, thanks to absorption, the reduced RE values for 1-18 GHz range
of heatsinks smaller than 70×90×40 mm 3 are between 12-20 dB. The effects of location, width, and thickness
of them, the materials with high ε and µ , and specific modes are studied. The proposed study reduced the
average E-field radiated from 37×37×35 mm 3 heatsink by nearly 12.7 dBV/m for 1-12 GHz and the effects of
the array, distance, and array using metamaterial structure are observed by numerical simulations.
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Table 3. Literature comparison of the absorbing methods of Heatsinks on EMC performance.
Absorbing
methods
Lossy radio
frequency
materials
Radio frequency
absorbers

Absorber

Absorber

Metamaterial
absorbers

Solution used for
absorbing
performance
Utilizing radio
frequency materials
via high ε and µ
Absorber location,
width, and thickness
Materials with absorber
properties in the
high frequency region
Absorber usage
and changing
its location according to
a specific mode analysis
Effects of array,
distance and array
using metamaterial structure

Reduced
RE level

heatsinks size
(w × l × h)

Range of
frequency

20 dB

-

1000 MHz18 GHz

[14]

12.6 dB
and
19.6 dB

63×89×38 mm3

1000 MHz18 GHz

[30]

-

40×40×10 mm3

10 MHz20 GHz

[34]

-

40×45×5 mm3

1000 MHz15 GHz

[35]

-

37×37×35 mm3

1000 MHz10 GHz

Proposed
study

Ref.

3. Conclusion
In this paper, to design a new BDHE meta-surface absorber is aimed to eliminate EMI from the PCB heatsink
for 1-12 GHz by means of numerical simulation. Several results are determined for the absorber performance
of the proposed metamaterial-structure. In the meta-structure with circular rings, adding an outer ring to
the inner ring has increased the frequency in the narrow band where the absorption is the peak. It has been
determined that adding lumped elements to the structure both increases the absorption and makes a broadband
absorber. It is also observed that adding lumped elements to the structure both increases the absorption and
makes the absorber broadband. In 1-12 GHz range, it is observed that increasing the resistance value used
on the meta-structure by a certain amount increases the average absorption from 65 % to 69 % . It is also
determined that the partial change in the incidence angle and resistance values did not change the absorption
characteristic much, but for θ =15°, the absorption is 90 % and 100 % at 10 GHz and 11.1 GHz, respectively.
On the other hand, for R = 50 Ω , this value is 82 % and 89 %, respectively, in 3-4 GHz and 9.9-11.5 GHz
ranges. It can also be stated that the average E-field from the heatsink can be decreased with the location of
the proposed metamaterial relative to the base and increased metamaterial dimensions. Finally, the distance
between metamaterial and the heatsink has no appreciable effect on the E-field in the near-field region. In
general, these results give ideas about the effects of the array, distance, and array using metamaterial structure.
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